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DESIGN OF MAGNETIC CONTROL AXPLYIER XM-13A

Prepared by:

Herbert H. Woodson

ABSTRACT: The design of the magrette control apliflexr
XM-13tf to drive the azimuth, roll, and pitch systems of
the Bomb Director AN/ASB-I is describ4:d. In these sys-
tems two motors are used, the BuCrd %ark 12 and BuOrd
Mark .5, 400-cycle servo motors. Thii control amplifier
drives both mcto.,s with essentially the same dynamiccharacteristics. The final design of the control ampli-

I fier contains two half-wave, bridge-type, magnetic

amplifiers having two stages each. One amplifier drives
the motor and provides gain in the tachometer compensation
loop while the other amplifier is u3ad with positive
integral feedback around it to give integrating action.
The cascaded integrating network gi'ies the system a

- zero velocity error.
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I The Bureau of Ordnance assitrned to the HIaval Ordnance Laboratory
task NOL-re8-l-2-53 of which oae prcbl 1 was to design magnetic
control amplifiers for the !,nt-nna of Eor.b Director AN/ASB-1.
Thts report describe: -.he design of one type of amplifier to
drive all the required s-stturs within the dynamic specifica-
tioris, bu' does not include engineerinZ for temperature,
voltage, and frequency iart,:t.1onL

L;OVAR,, L, 1IOODYARDiI Oap~ta In, U."N

C oimar.de ,'

).S. MUZY.
By direccto I  i

It

Ci

SEC TI



NAVORD Report 2737

CONTENTS
Page

- Introduc t ion Pa..... 1
Sys tem Specifications 1

'* klt1 iver De ign . .. . . . ... . o . . * * * t * * * * * * * , .u, Des0.n 2
intbaor• d***. .* *. **e , ,.. * ¢ * * * € 4 * •,. .

• 4mplete Sytem.................. ......

Acncul fl s S.O n 3@0*~ ** t*)4 * *. P 00 * 0
O eut eut Member . ......... ..... .... ..... ......... ...... . .. 3

Complete System .... ..a ........ .. .... ..... .. ..
.onc lusrons .......................... ...... .... ... 9i Acknowledgment . ................... .... .............. •4.

References ....... .. ._ ........... .. ...... ............ 5

ILLIUSTRAT IONS

Figure 1. Block diagram oi" system ........... 8
Ftgtu'e '2 Qualitative frequenacy reel ,nse curves .... 9

Figure ;. Schematic diagrLm Of two-stage amplif ic- .o10
Figure 1. Details of magnetic cores .........
Figure . Block diagram of output me'ber ........... 12
Figure 6. Block diagram of integrati. circuit 13
Figure 7. Ccmplete block .iagan shoi Ig exterv~l

paramet e.' values ... . . . .... 14
Figue 8. Closed loo? frequency resf(nae curves

T1ab le I ... 0,.. ....... ..... ...... .... .... .... 6

I

- !'1ff 5Th, ICTF[;

SECURITY '1NFORNAIT, h,

• * 
elmj



R.HZTRICT2ED
NIMVRD Report 2737

DES10N OF MAG~ITIC !'ONTROL AMPL IFIER X1-13A

INRODUCTION

1. The specifications on tixe magnetic control amplifier for
the azimuth, roll, and pitol: systems of the Bomb Director
AN/AsB-l are given in Table I.. In additl.on, these specifica-
tions must be met using, bothx the BuOrd Mark 12, 400-cycle
servomnotor and the BuOrd Mark-1, 16, 4I00-cycle servomotor with
a mechanical sysitem that reflects an lz.ert1.a to the motor
shaft or approximately twic-a the motor inertia, The inertia
of the motors are appro)ximately the isaie; therefore, one
simat8.ed mechanical s~isteni can be usef for bo-,;h motors. The

* ~gear ratio between motor andi control tcansfornier is 1000:1L
Standard BuOrd 40-ycle, .15-volt eynzhroe are used for error
detection.

2, Also shown irt T"able I a.,c~ the perfzuance characteristics
* of the magnetic control. amplifier W-14A which was designed

for this application b.y the Magnetic Aipilfier and Servo-
mechaniisms Group of tho~ Magn~etics Division.

Sys-biem Spec if tcat tons

3. The dynamic error at constant velozity and the system
bandwidtr requiLred by %;he spec Ificatioris (see Table I) dictate

* that som? type of compensatton be ad. The specification. on
package eize reqiresi that :he compenait-Lon be accomplished
by the m--thod that Is simplest and reqiires the least equipznenc.
At the present time th(! sim;.)le.t methol of supplying compensa-
tion to the system io z'. hal77 wave brilge-type, magnetic
amTpltfle~r with irtegra'. feedback.I '44-3n this type of compensa-
tion is used, the stmp'.est over-all 373tOM will be obtained
when half-wxave, bridge tyeagtiapfir 2 are used to
ottain amplIfIcat ion ini the system.

~4. The 'Iiar ratio ',f :O000:1. require.3 aa amplifier gain not
normally obtainable wi~lh a reasonable triber of ecscaded half-
wave sta.;-as. Hoifever, wilth lag or iit~apal compensation
added in *3ancade, the -.tatix(, gain ca ):! increased to the
proper valtie to uree-t Vi~e spitecfication,3 - in fact,, Ahen Inte-
gral com-enrnatilor ini wed, tine static ,i.:.n is infinite.

Fc~ce-a-v Aecisuv1ca Spciicaion. Oerthe temperature,

vo*.g n rqec -qgateapil~ gain will change by a

sation-ln. Wefo ~!mxm sA od-AiAthe C4N:E19 A
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lag compensation when the gain decreases. The change in gain

must be made small enough that the dynamic specifications are
still met with tlhe lag compensation present at the minimum
gain condition . The amplifier gain change will depend upon
the care used in matching and selecting components,

Qualitative Design

6, A zero-velocity-error system, designed in accordance with
reference (1), will have the block diagram shown in figure I.
The open-loop transfer function of thit; system is

C K_(Tj+ ) Eq. (i)
E T(jc)2 (Tmj+l)

where w is *ie signal frequ(.ncy, T is lhe integrator time
constant, Tm is the output-member time constant, end K is
the static gain- The constants will bc derived below.

7. Referring to figure 1, when the inlegrator tinme constant,
T, is larger than the output member tir~e constant, %1, the
open loop function (equation (i)) will have the frequency
response characteristic shown in figur 2(a) and (b). When
thre gain, K, is sc adjusted that

Eq. (2)

at the signal frequency

1 E:q. ()

and the loop is closed, the phase margJn will be a maximum
and the system wtll be most stable. II the maximum phase
margin indicated in figure '-(b) is sufficiently large,, the
loop may be closed at any ore of a range of frequencies above
and below that given by equation (3) wl ile maintaining
adequate system stabilty.

8. The proof that maximum phase mar ir. occurs at the frequency
given by equation (3) lies kn reco nlzn that the only por-
tion of equation (1) with a frequency ariant phase shift is

TJw + 1 Eq. (5), , TmJm + I

With the above stated ;:elation between T and Tm, the function- ! in equtiton (5) -'j a lead circuit, the chmaracteristics and
normalized frequency-response curves ol which can be found

RESTRICTED
SECURITY VIFORMATICN
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in any book on servomechaniame. Using such a set of normalized
carven3 , the circuit parameters can be selected to give the
phase meigin desired at the proper frequency.

Amplifier Design

S9. From past ex;erienae, it was foune. that a practical system
could be dtsigned using two half-wave, bridge-type, magnetic
ainplifiers havinig two stages each. Tlhe circuit diagram of
the amplifier used is shown in figure while the core details
are given in f Lgue 4. The requirement s are one unplifier to
drive the motor and supply gain for th(- tachometer compensa-
tion loolp and on( amplifier with posit.ve Integral feedback
to form the integrator.

0. There are a numbetv of T-estrtctiors. placed on static per-
formance of tbi' ampiif'ers The ampliller that drives the
motor mLst, with full oatpu,;, drive tti motor sufficiently
fast to meet the specit'Icati.on of maxirum slewing rate. In
addition, this a, pltfi!r muvt supply stfficient gain to the
tachometer looo -.o pr.ovide proper com.F sation. The amplifier
to be used in "he integrator must have sufficient output in
itV; 1near ranle to ,vRrride the tachorecer voltage and dri,e
the seccnd amplifier to ful' output with tne motor running at
top speed..

Outpi.,t Member

11. The block diLagram of :;)e output n;cmber is shown in
fti.ure T The natural freqtency of a luOrd Mark 12, 4OO°cycle
servomotor is approylitely 24 radians per second. The added
inertia requirt(i bj the specif.cations plus the wrctor charac-
teristics make the natural frequency o.f i-he mewharical system
approximately eig1,t radians per second, The additi.on of the
tachometer in a feedback loop as showt in figure P will
Increase the rnit.ral f-equency of the (utput membfr to
apnroximately 60 radlaiss pe' second, 'his natural frequency,
l/1rm, is of th! proper matgn t;Ltde to glie a well-de.mped, com--
p -ete system wllth a bandwidth of 20 rac ins per iecond when
the integrator, t".m coi-stani is made ].er7e enough.

Integrator

12 The block d4.agrm of the Integratcr is shown in figure 6.
Li The over-all t:'ansfer "unet~on of this c Lrcuit It (see

rr.f~rence 1) :

-43 i 0  KDTjw+l)

" ' Ji' ; "SECURITY IINFORMAT I; N
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when the gain

abKD - I Eq. (7)

(:ee figure 6 for definition of a, b, i nd T.)

Ti'e gain KD is the d lain of the amplifier (d-c volts out
1 .ivided by d-c volts in)o
13. Wher. the in-egrator of figure 5 it used with he output

member described above, the integrator time cons-ant must be
0.,167 second for the maximum phase marl~in of the complete sys-
tern to occur at ;he spacified bandwidtl. of 20 radians per
second. For thene values the maximum l.hase margin is 55 degrees.
A phaue margin of 45 degreev gives a wll stabilized system;
therefore, the above system could have the loop closed anywhere
from 8 tc 50 rad'ans per second. An it crease in integrator
t'ne constant will make the system more stable at the maximum
phase margin and increase the range of frequencies over which
the system wi1 be stable.

Complete System

1. The circuit diagram of the complete system showing parameter
values external to the amplifier is shc. in figure 7. The
parameter values were : approxtmateli by the above technique,3
and then resdjmE .d ex-gerimentally for optimum performance
with the mark I , ,tor. The only essertial change was in the
int;egrator cimi, ._ntant which was inexeased from u,167 second
to 0.250 second.

15. A Mark lo iaotor was subatttuted f(r the Mark 12 motor and
tho system Tharacteris-ics vere essentially unchanged. The
system still met all the dynamlc specifications and was stable,,
The closed-loop, frequrency-response cuives of the system using
bok-h motors are rhown In fl.;ure 8. The curves show that the
magnetic controi ampllfier '14-13A work! equally well w.th either
the Mark 12 or M&trk lb motor.

Cotc lutions

I6., 1he charaote.itics of the XM-13A magnetic control ampli-
fier with the siriulated .oat., given in Table I, are well within
the performance charac ;eristica requirc d .

17(. The advan7ag;es of this control amillfier, in addition to
those inherent in ffgn, tic umplifiers 1n general, are twofold.
Mark 12 and Mark 16 mo,;ors cre interchnngeable when this control

- amplifier in used, and all the cores u~ed in this amplifier
are the same size with the Lame windins. These advantages
are mainly from a producti on standpoint.,

4
RESTRICTED
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18. The engineecring of this3 control a.uip'.ifier to meet the
AN-E-19 temperature, voltage, and frequency spectitoat iona
is a matter of properly selecting and ratching components.
The extent and complexity of the matcld.nS and selecting procedure
, m'tst be determind experimen'Cally.
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